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(57) ABSTRACT 

A ?exible circuit having vias disposed to minimize discon 
tinuity in a ground plane separating opposing transmission 
lines. The ?ex circuit comprises a ?rst transmission line 
coupled to a ?rst surface, a second transmission line coupled 
to a second opposing surface and a ground plane separating 
the ?rst transmission line and the second transmission line. 
The ?exible circuit also includes a ?rst type of electrical 
connection pads disposed on the ?rst surface, and electri 
cally coupled to the ?rst transmission line. The ?exible 
circuit also includes a second type of electrical connection 
pads disposed on the second surface, and electrically 
coupled to the second transmission line Wherein the second 
type of electrical connection pads have a higher areal density 
than the ?rst type of electrical connection pads. The ?exible 
circuit also includes vias disposed proximate the ?rst type of 

(22) Filed; Sep_ 23, 2003 electrical connection pads and extended through the ground 
plane to provide for electrically coupling the ?rst transmis 

Publication Classi?cation sion line and the second transmission line, such that the vias 
reduce discontinuity in the ground plane and aggregate 

(51) Int. Cl.7 ..................................................... .. H05K 7/06 discontinuity in the ?ex circuit. 
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VIA PLACEMENT FOR LAYER TRANSITIONS IN 
FLEXIBLE CIRCUITS WITH HIGH DENSITY 

BALL GRID ARRAYS 

TECHNICAL FIELD 

[0001] The invention relates to ?exible circuits and more 
particularly to a ?exible circuit to connect an integrated 
circuit or other electronics module to a high density ball grid 
array or any other connector scheme requiring a tWo dimen 
sional array of closely spaced connection pads. 

BACKGROUND ART 

[0002] A ?exible circuit (?ex circuit) is a type of electrical 
connection device that can be bent, tWisted or Wrapped to ?t 
in extremely small spaces. Flex circuits are excellent for 
designs With ?ne line traces and high-density circuitry, and 
are more suited for dynamic applications and vibration 
conditions than are conventional printed Wiring boards. 
Using ?ex circuits sometimes requires transferring an elec 
trical signal from one side of the ?ex circuit to the opposing 
side of the ?ex circuit. 

[0003] One solution to transition signals from one side of 
a ?ex to another side of a ?ex is to dispose vias proximate 
the location of a high areal density connector scheme, such 
as a ball grid array (BGA). Prior Art FIG. 1A illustrates a 
side vieW of a ?ex circuit 110 comprising a ?rst surface 240 
and a second opposing surface 245. Flex circuit 110 has a 
transmission line 202 on surface 240 and a transmission line 
204 on surface 245. It is appreciated that a conventional 
?exible circuit can have a plurality of transmission lines on 
each surface. Transmission lines 202 and 204 represent one 
of many transmission lines on each surface of the ?ex circuit 
110. A high areal density connector scheme 120 is disposed 
on surface 240 and is electrically coupled to transmission 
line 202. Vias 246 are conventionally disposed proximate 
the high areal density connector scheme 120 to provide for 
transitioning a signal from transmission line 204 to trans 
mission line 202. A ground plane 206 is disposed betWeen 
transmission line 202 and transmission line 204 to increase 
signal integrity in the ?ex circuit 10. 

[0004] To manufacture vias 246 in the ?ex circuit 110, a 
hole is formed through the ?ex circuit 110, including the 
ground plane 206. A deleterious effect of locating vias 246 
proximate the high areal density connector scheme 120 is 
that the ground plane 206 becomes signi?cantly discontinu 
ous, thus causing grounding problems in the ?ex circuit 110. 
Grounding problems occur because a signal must travel 
along a transmission line a distance 216 Without the bene?t 
of a ground plane 206. Prior Art FIG. 1B illustrates a top 
vieW of a portion of a ground plane 206 that is signi?cantly 
discontinuous as a result of vias 246 disposed proximate 
connector scheme 120. In some cases, the density of the 
connector scheme Will result in overlapping ground relief 
holes, thus essentially removing the entire ground plane 
from the area under the BGA. In addition, placing vias 
proximate the BGA 120 introduces an additional element of 
discontinuity in the transmission path on the ?ex circuit 110. 

[0005] In other prior art approaches, the vias are located 
throughout the ?ex circuit (i.e., not coincident connector 
scheme 120) to avoid the grounding problems associated 
With locating the vias near the high-density connector 
scheme. HoWever, locating the vias throughout the ?ex 
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circuit distributes electrical discontinuity throughout the 
entire ?ex circuit. Every discontinuity along a transmission 
line is a possible re?ection, thus spreading discontinuities 
can possibly corrupt transmission of a signal along the entire 
?ex circuit. 

SUMMARY OF THE INVENTION 

[0006] Disclosed is a ?exible electrical connector in accor 
dance With the invention that transitions a signal from a 
transmission line on a ?rst surface to a transmission line on 

an opposing surface While avoiding degradation of signal 
integrity. The ?exible connector includes a ?exible circuit 
having vias disposed in locations that reduce discontinuity in 
a ground plane separating transmission lines. By reducing 
the discontinuity of the ground plane separating the trans 
mission lines, degradation of signal integrity in the ?ex 
circuit can be avoided. Furthermore, disposing vias at a 
location of electrical discontinuity combines discontinuity in 
the ?ex circuit, thus further avoiding degradation of signal 
integrity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The accompanying draWings, Which are incorpo 
rated in and form a part of this speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. 

[0008] FIG. 1A is a prior art side vieW illustration of a 
conventional tWo-layer ?ex circuit comprising vias located 
near a high areal density connector scheme for transitioning 
a signal from one side to the other side. 

[0009] FIG. 1B is a prior art top vieW illustration of the 
ground plane in the conventional tWo-layer ?ex circuit of 
prior art FIG. 1A illustrating the discontinuity of the ground 
plane surrounding vias located near a high areal density 
connector scheme. 

[0010] FIG. 2 is a side vieW illustration of an exemplary 
?exible circuit comprising vias located proximate a loW 
areal density connector scheme in accordance With an 
embodiment of the invention. 

[0011] FIG. 3 is a side vieW illustration of an exemplary 
?exible circuit assembly comprising vias proximate a loW 
areal density connector scheme connecting an IC to the 
exemplary ?ex circuit in accordance With an embodiment of 
the invention. 

[0012] FIG. 4A is a side vieW illustration of the exemplary 
?exible circuit in FIG. 3 further comprising a heat sink in 
accordance With an embodiment of the invention. 

[0013] FIG. 4B is a top vieW illustration of an exemplary 
?exible circuit comprising vias proximate a loW-density 
connector scheme to provide for transferring a signal from 
a ?rst side of the circuit to a second opposing side of the ?ex 
circuit in accordance With an embodiment of the invention. 

[0014] FIG. 5A is a top vieW illustration of an exemplary 
?exible circuit comprising vias disposed linearly proximate 
a loW areal density connector scheme to minimiZe discon 
tinuity in a transmission path in accordance to an embodi 
ment of the invention. 

[0015] FIG. 5B is a perspective illustration of an exem 
plary ?exible circuit having a via disposed proximate a 
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teardrop shaped Wirebond capture pad to minimize discon 
tinuity in a ground plane in accordance With an embodiment 
of the invention. 

[0016] FIG. 5C is a top vieW illustration of an exemplary 
?ex circuit having a minimized discontinuity in a ground 
plane in accordance With an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] Reference Will noW be made in detail to the various 
embodiments of the invention, examples of Which are illus 
trated in the accompanying draWings. While the invention 
Will be described in conjunction With the various embodi 
ments, it Will be understood that they are not intended to 
limit the invention to these embodiments. On the contrary, 
the invention is intended to cover alternatives, modi?cations 
and equivalents, Which may be included Within the invention 
as de?ned by the appended claims. 

[0018] Furthermore, in the folloWing detailed description 
of the present invention, numerous speci?c details are set 
forth in order to provide a thorough understanding of the 
present invention. HoWever, it Will be obvious to one of 
ordinary skill in the art that the present invention may be 
practiced Without these speci?c details. In other instances, 
Well-known methods, procedures, components, and circuits 
have not been described in detail as not to unnecessarily 
obscure aspects of the present invention. 

[0019] FIG. 2 is a side-vieW illustration of an exemplary 
?exible circuit 300 having vias 455 disposed to reduce 
discontinuity in a ground plane 306 separating opposing 
transmission lines in accordance With embodiments of the 
invention. Flex circuit 300 has a ?rst transmission line 302 
disposed on one surface of the ?exible circuit 300 and a 
second transmission line 304 disposed on an opposing 
surface of the ?exible circuit 300. It is appreciated that 
transmission lines 302 and 304 are a feW of many transmis 
sion lines on ?ex circuit 300. For clarity, a single transmis 
sion line is illustrated on each surface. In accordance With 
embodiments of the invention, ?ex circuit 300 has a plurality 
of transmission lines on each surface Wherein a via electri 
cally couples a single transmission line on one side to a 
single transmission line on an opposite side of ?ex circuit 
300. A top vieW of ?ex circuit 300 is illustrated in FIG. 4B 
Wherein a plurality of transmission lines are on a side of ?ex 
circuit 300. A ground plane 306 is disposed betWeen trans 
mission line 302 and transmission line 304 to improve signal 
integrity along the transmission lines and to isolate the 
transmission lines on opposite sides of the ?ex circuit. The 
?exible circuit 300 also comprises loW areal density elec 
trical connection pads 456 electrically coupled to transmis 
sion line 304. The ?exible circuit also includes higher areal 
density electrical connection pads 314 electrically coupled 
to transmission line 302. In embodiments in accordance With 
the invention, vias 455 are disposed coincident the loWer 
areal density electrical connection pads 456. In so doing, 
embodiments in accordance With the invention provide for 
electrically coupling transmission line 302 and transmission 
line 304 While reducing electrical discontinuity in ?ex 
circuit 300. Also, the loWer areal density of connection pads 
456 enable disposing vias for transitioning of a signal from 
transmission line 304 to transmission line 302 Without 
causing signi?cant discontinuity of ground plane 306. In 
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addition, locating vias 455 close to an existing discontinuity 
on ?ex circuit combines the discontinuities, thus further 
improving signal transmission in ?ex circuit 300. 

[0020] As stated above, every discontinuity along a trans 
mission line is a possible re?ection, thus possibly corrupting 
transmission of a signal along the line. In accordance With 
embodiments of the invention vias 455 are located proxi 
mate the loWer areal density connection pads 456 to reduce 
the amount of discontinuity in ground plane 306, thus 
improving signal transmission in the ?ex circuit 300. By 
reducing the discontinuity of the ground plane, the distance 
564 a signal must travel Without the bene?ts of a ground 
plane is reduced, thus increasing signal integrity in the ?ex 
circuit 300. Furthermore, distance 564 is approximately the 
Width of a via 455, Wherein the prior art, the distance (216 
from Prior Art FIGS. 1A and 1B) is multiple times the Width 
of a via. 

[0021] FIG. 3 is a side-vieW illustration of an exemplary 
?ex circuit assembly 319 comprising exemplary ?ex circuit 
300, an IC 312, and an external electrical sub assembly 322 
in accordance With embodiments of the invention. In accor 
dance With an embodiment of the invention, the ?exible 
circuit (?ex circuit) 300 is multi-layered Wherein a ground 
plane 306 is disposed betWeen transmission line 302 and 
transmission line 304. Ground plane 306 provides increased 
signal integrity along the signal transmission lines 304 and 
302 as Well as isolation betWeen transmission lines on 
opposite sided of ?ex circuit 300. 

[0022] An integrated circuit (IC) 312 is electrically 
coupled to transmission line 304 by Wirebond 435 and a 
bond pad 456. For clarity one Wirebond 435 and one bond 
pad 456 are illustrated. In accordance With embodiments of 
the invention, a plurality of Wirebonds 435 and bond pads 
456 electrically couple IC 312 to transmission line 304, 
depending on the electrical con?guration of IC 312. Also, 
Wirebond bond pads 456 are disposed in a loW areal density 
to accommodate the geometry of the IC 312. Typically, an IC 
has contact pads on its periphery to alloW connection to an 
external assembly. Furthermore, the IC 312 electrically 
couples to a loW areal density bond pad scheme 456 and as 
a result, vias 455 are disposed proximate the loW areal 
density bond pad scheme 456 Without signi?cantly degrad 
ing the ground plane 306, thus avoiding degradation of 
electrical integrity of the ?ex circuit 300. In addition, 
locating vias 455 proximate the loW areal density bond pads 
456 reduces the distance 564 a signal must travel Without the 
bene?ts of a ground plane. 

[0023] Moreover, Wirebond 435 inherently creates an 
electrical discontinuity in the ?ex circuit assembly 319. A 
signal must travel the length of the Wire bond from the ?ex 
circuit 300 to the IC 312 Without the bene?t of a ground 
plane. According to embodiments of the invention, combin 
ing discontinuities in a ?exible circuit assembly (locating 
vias 455 at a location of a discontinuity) bene?cially reduces 
the degradation of signal integrity in the ?ex circuit 300. 
More speci?cally, in accordance With embodiments of the 
invention, locating vias at a location of electrical disconti 
nuity reduces the amount of discontinuities in the circuit 
assembly. 

[0024] In accordance With embodiments of the invention, 
vias 455 are formed coincident the Wirebond bond pads 456. 
Vias 455 can be formed by drilling, laser, etching or using 
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any of the Well-knoWn methods in the art for forming vias. 
After vias 455 are formed, via plugs 390 are formed in the 
vias 455 to electrically couple transmission lines 304 and 
302 and transfer a signal from the ?rst side of the ?ex circuit 
to the other side of the ?ex circuit While avoiding degrada 
tion of signal integrity in ?ex circuit 300. In accordance With 
an embodiment of the invention, via 455 is plated on the 
sideWalls With a conductive material to electrically couple 
transmission lines on opposite sides of ?ex circuit 300. The 
via can be ?lled With a conductor by electroplating or any 
other method knoWn in the art. 

[0025] A high areal density electrical interface 314 (e.g., 
ball grid array (BGA), land grid array (LGA), ?ip chip pad 
array, fuZZ button) is disposed on the same side of the ?ex 
circuit 300 as transmission path 302 (as shoWn in FIG. 3, the 
high density electrical interface 314 is located on the oppo 
site side of ?ex circuit 300 as IC 312). In accordance With 
embodiments of the present invention, the electrical inter 
face 314 is disposed With a higher areal density than 
connector scheme 456 used to electrically couple IC 312 to 
?ex circuit 300. 

[0026] Any of a number of Well-knoWn electrical coupling 
processes may be used to electrically couple the integrated 
circuit 312 to the conductors 456 of the ?ex board 300. For 
example, Wirebonding can be employed Wherein Wires are 
bonded by thermocompression bonding, ultrasonic or Wedge 
bonding, or by thermosonic bonding, just to name a feW. In 
accordance With embodiments of the invention, Wirebonding 
couples an electrical connector on IC 312 to a bond pad 456 
on ?ex circuit 300. While the foregoing Wire bonding 
processes are Well-knoWn in the art and are documented in 
numerous technical references such as, for example, Elec 
tronic Materials Handbook, Volume l-Pack-aging, (ASM 
International, Materials Park, Ohio 44073, 1989), pp. 224 
236, Which is hereby incorporated by reference, a brief 
description of each process folloWs in the interest of pro 
viding additional background for the invention. 

[0027] Thermocompression bonding is accomplished by 
bringing the Wire and the bonding pad into intimate contact 
during a controlled time, temperature and pressure cycle. In 
one example of a thermocompression Wire bonding process, 
a gold Wire is threaded through a heated capillary on the Wire 
bonding machine. The heated capillary is maintained at a 
temperature of about 350 degree C. Aball is then formed on 
the end of the Wire by either an electronic discharge or a 
hydrogen ?ame. Surface tension causes a ball to form on the 
end of the Wire, Which is then brought in contact With the 
heated bonding pad. The Weld is affected by applying 
vertical pressure to the ball and Wire. The capillary is then 
raised and repositioned over the appropriate conductor on 
the ?ex board and the Wire bonded thereto by deforming the 
Wire With pressure from the heated capillary. A Wire clamp 
Within the Wire bonding machine is then closed, and the 
capillary and Wire raised, thereby breaking the Wire at the 
heel of the second bond. The process is then repeated for 
each connection. 

[0028] Ultrasonic or Wedge-Wedge bonding is a loW 
temperature process in Which the source of energy for the 
metal Welding is a transducer vibrating the bonding tool or 
Wedge at an ultrasonic frequency, usually in the range of 20 
to 60 kHZ. In the ultrasonic process, the Wire is threaded 
through a hole in the Wedge and trailed under the bonding 
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tip. The bonding tool is positioned over the ?rst bond site 
With the Wire protruding under and someWhat beyond the 
front of the Wedge. The Wedge is loWered and the Wire is 
pressed tightly betWeen the Wedge and the ?rst bond site. A 
burst of ultrasonic energy is then applied to the Wedge 
Which, in combination With the pressure, Welds the Wire to 
the pad. The Wedge is moved over to the second bond site, 
loWered and ultrasonic energy is again applied to the Wedge, 
thus bonding the Wire to the second bond site. The Wedge is 
then rocked slightly to Weaken the Wire at the heel of the 
second bond and a clamp inside the Wedge is then closed and 
the Wedge raised, separating the Wire from the bond. 

[0029] Referring to FIG. 3 again, an electrical sub-assem 
bly 322 can be coupled to ?ex circuit 300 by electrical 
connectors 310 and 314. In accordance With embodiments of 
the invention, the electrical sub-assembly 322 comprises an 
electrical connector 310 con?gured to electrically couple to 
connector 314 on ?ex circuit 300. Furthermore, electrical 
sub-assembly 322 provides an electrical signal for IC 312. In 
addition to providing a signal to IC 312, electrical sub 
assembly can serve as a heat sink for IC 312. Additionally, 
?ex circuit 300 is con?gured such that IC 312 is contacting 
sub-assembly 322 Wherein sub-assembly 322 is thermally 
coupled to IC 312 to provide heat sinking. 

[0030] FIG. 4A is a side-vieW illustration of an exemplary 
?ex circuit assembly Wherein vias 455 are disposed proxi 
mate loW areal density Wirebond bond pads 456 to transfer 
a signal from transmission line 304 to transmission line 302 
While reducing discontinuity in ?ex circuit 300 in accor 
dance With an embodiment of the invention. As stated, ?ex 
circuit 300 comprises a ?rst transmission line 302, a second 
transmission line 304, and a ground plane 306 separating 
transmission line 302 and transmission line 304 to reduce 
degradation of signal integrity. A via 455 passes through 
ground plane 306 Which is draWn back slightly from the via 
and provides for forming via plug 390 to electrically couple 
transmission line 302 and transmission line 304. AWire bond 
435 electrically couples IC 312 to bond pad 456 and via plug 
390. In accordance With embodiments of the invention, 
electrical sub-assembly 322 is thermally coupled to IC 312 
and optoelectronic device 430 is coupled to IC 312. As 
stated above, disposing vias at a location of discontinuity 
combines discontinuity in ?ex circuit 300, thus improving 
signal integrity therein. In addition, the distance 564 a signal 
must travel Without the bene?t of a ground plane proximate 
thereto is advantageously signi?cantly reduced When vias 
455 are disposed proximate loW areal density connector pads 
456. 

[0031] FIG. 4B is a top vieW illustration of an exemplary 
?ex circuit assembly Wherein vias 455 is disposed proximate 
linearly arranged Wirebond bond pad scheme 456 to provide 
for transferring a signal from a ?rst side of a ?ex circuit to 
a second opposing side of the ?ex circuit While reducing 
discontinuities in ?ex circuit 300 in accordance With an 
embodiment of the invention. FIG. 4B is a top vieW illus 
tration of the exemplary circuit assembly illustrated in FIG. 
4A. FIG. 4B illustrates a Wirebond bond pad scheme 456 
Where a Wire bond 435 electrically couples IC 312 to via 
plug 390 (shoWn in FIG. 4A). Bond pad scheme 456 is 
arranged linearly, thus the vias 455 disposed proximate the 
bond pads are disposed linearly, resulting in a linear dis 
continuity of the ground plane. Bene?cially, When vias 455 
are arranged linearly, the distance 564 a signal must travel 
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Without the bene?ts of a ground plane therein is reduced, 
thus reducing degradation of signal integrity in the ?ex 
circuit. Additionally, since Wirebonds 435 create an element 
of electrical discontinuity, advantageously, locating vias 
proximate Wirebonds combines discontinuities in the ?ex 
circuit 300, thus reducing degradation of signal integrity 
therein. By locating a via at a location of discontinuity, the 
discontinuity of the ?ex circuit is combined to a location. 
Bene?cially, the feWer discontinuities in the circuit, reduc 
tion of signal integrity degradation can be achieved. By 
combining the discontinuities in the ?ex circuit, the signal 
crosses feWer discontinuities. 

[0032] In addition, by locating vias 455 proximate the 
location of the Wire bond 435, the Wirebond bond pad and 
the via capture pad can be combined into one pad 456. In 
accordance With embodiments of the invention, a teardrop 
shaped bond pad is used to combine the Wirebond bond pad 
and the via capture pad. The method of manufacturing 
teardrop shaped bond pads is Well knoWn in the art. 

[0033] FIG. 5A is a top vieW illustration of an exemplary 
?exible circuit assembly comprising exemplary ?ex circuit 
300 With vias 455 disposed proximate a teardrop shaped 
Wirebond bond pad scheme 520 to minimiZe electrical 
discontinuity and combine discontinuities in accordance 
With an embodiment of the invention. FIG. 5A illustrates a 
?ex circuit 300 having larger dimensions than the IC 312, 
thus surrounding the IC. This con?guration alloWs bond 
pads 520 to be disposed proximate the periphery of the IC 
312, thus spacing the bond pads 520 and vias 455 With a 
loWer areal density therein. In accordance With embodi 
ments of the invention, the teardrop bond pads 520 can be 
staggered for closer spacing in ?ex circuit con?gurations 
requiring more transmission lines. In addition, the distance 
564 a signal must travel Without the bene?t of a ground 
plane does not change When the teardrop bond pads 520 are 
staggered, because distance 564 is approximately the Width 
of a via 455 and staggering the bonding pads 520 does not 
alter distance 564. 

[0034] The teardrop bond pad 520 is a dual-purpose bond 
pad because it serves as the capture pad for via 455 and the 
bond pad for the Wirebond 435. The footprint of the teardrop 
shaped bond pad 520 is smaller than if the Wirebond and the 
via had separate pads. By sharing the same pad, higher 
density of the transmission lines can be achieved because the 
transmission lines can be spaced closer to each other. For 
clarity, only a feW transmission lines are illustrated. 

[0035] FIG. 5B is a perspective illustration of a portion of 
a ?ex circuit With a via 455 disposed proximate the location 
of a Wirebond bond pad 520 to transfer an electrical signal 
from one side of the ?ex circuit to the other side of the ?ex 
circuit While reducing discontinuity. Flex circuit 300 com 
prises a dual purpose teardrop pad 520 that serves as a bond 
pad 522 for Wirebond 435 and a capture pad for via 455. As 
stated, a via plug (not shoWn for clarity) can be disposed 
after the via 455 is formed. A ground plane 306 is disposed 
betWeen transmission line 302 and dual purpose pad 522 to 
increase signal integrity. As stated above, When via 455 is 
formed, a portion of the ground plane 306 is removed and as 
a result, a signal must traverse a distance 564 Without the 
bene?t of a ground plane 306 therein. The distance 564 that 
the signal must travel Without the bene?ts of a ground plane 
is reduced When the via is disposed proximate the Wirebond 
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bond pad 520. More speci?cally, the amount of discontinuity 
in the ground plane is less When vias are disposed at a loWer 
areal density connector scheme. 

[0036] FIG. 5C is a top vieW illustration of a ?exible 
circuit 300 having reduced ground plane discontinuity as a 
result of vias disposed near a loW areal density connector 
scheme such as Wirebond bond pads. As described above, 
the distance (216 from Prior Art FIG. 2B) that a signal must 
travel Without the bene?t of a ground plane When disposing 
vias near a high areal density connector scheme, such as a 
BGA, is relatively large When compared to the smaller 
distance 564 When the vias are disposed proximate loWer 
areal density Wirebond capture pads. In accordance With an 
embodiment of the invention, vias 455 disposed proximate 
a loW areal density connector scheme such as Wirebond bond 
pads 520 reduce discontinuity in ?ex circuit 300. It is 
appreciated that Wirebond pad 520 may also be a dual 
purpose Wirebond bond pad and a via capture pad (e.g., 
teardrop shaped pad 520 from FIG. 5B). A signal line 302 
can be routed such that it must only travel a distance 564 
Without the bene?t of a ground plane, thus improving signal 
integrity in ?ex circuit 300. Transmission line 304 resides 
betWeen bond pads 520 and vias 455. When compared to the 
amount of discontinuity inherent in a Wirebond, the addi 
tional element of discontinuity incurred by the via is negli 
gible, therefore, combining discontinuities further improves 
signal integrity in ?ex circuit 300. 

[0037] Embodiments of the present invention, a via place 
ment for layer transitions in ?exible circuits With high 
density ball grid arrays has been described. While the 
present invention has been described in particular embodi 
ments, it should be appreciated that the present invention 
should not be construed as limited by such embodiments, but 
rather construed according to the folloWing Claims. 

[0038] The foregoing descriptions of speci?c embodi 
ments of the present invention have been presented for 
purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed, and obviously many modi?cations 
and variations are possible in light of the above teaching. 
The embodiments Were chosen and described in order to 
best explain the principles of the invention and its practical 
application, to thereby enable others skilled in the art to best 
utiliZe the invention and various embodiments With various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the scope of the invention be 
de?ned by the Claims appended hereto and their equiva 
lents. 

What is claimed is: 
1. A ?exible circuit having vias disposed to minimiZe 

discontinuity in a ground plane separating opposing trans 
mission lines, said ?ex circuit comprising: 

a ?rst type of electrical connection pads disposed on a ?rst 
surface of said ?exible circuit, and electrically coupled 
to a ?rst transmission line; 

a second type of electrical connection pads disposed on a 
second surface of said ?exible circuit, and electrically 
coupled to a second transmission line Wherein said 
second type of electrical connection pads have a higher 
areal density than said ?rst type of electrical connection 
pads; and 
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vias disposed proximate said ?rst type of electrical con 
nection pads and extending through a ground plane to 
provide for electrically coupling said ?rst transmission 
line and said second transmission line, such that said 
vias minimize discontinuity in said ground plane. 

2. The ?exible circuit as described in claim 1 Wherein said 
?rst type of electrical connection pads are ?ip-chip pads. 

33. The ?exible circuit as described in claim 1 Wherein said 
?rst type of electrical connection pads are Wirebond bond 
pads. 

4. The ?exible circuit as described in claim 3 Wherein at 
least one of said plurality of vias is coincident With one of 
said plurality of Wirebond bond pads. 

5. The ?exible circuit as described in claim 2 Wherein at 
least one of said plurality of vias is coincident With one of 
said plurality of ?ip-chip pads. 

6. The ?exible circuit as described in claim 4 Wherein at 
least one of said plurality of Wirebond bond pads is sub 
stantially tear-dropped shaped. 

7. The ?exible circuit as described in claim 5 Wherein at 
least one of said plurality of ?ip-chip pads is substantially 
tear-dropped shaped. 

8. The ?exible circuit as described in claim 1 Wherein said 
?rst type of electrical connection pads are con?gured for 
coupling an integrated circuit thereto. 

9. The ?exible circuit as described in claim 1 Wherein said 
?rst type of electrical connection pads are con?gured for 
coupling an optical module thereto. 

10. The ?exible circuit as described in claim 1 Wherein 
said second type of electrical connection pads are a ball grid 
array or pin grid array. 

11. An electrical connection assembly having vias dis 
posed to combine electrical discontinuity, said electrical 
connection assembly comprising: 

a ?exible circuit comprising a ground plane separating a 
?rst surface and a second opposing surface, said ?rst 
surface having a ?rst transmission line coupled thereto 
and said second surface having a second transmission 
line coupled thereto; 

a via proximate to a ?rst region of electrical connection 
pads con?gured to receive a Wirebond, said via elec 
trically coupling said ?rst transmission line and said 
second transmission line Wherein said Wirebond gen 
erates electrical discontinuity and said via generates 
electrical discontinuity and Wherein said via is proxi 
mate said ?rst region of electrical connection pads for 
combining said electrical discontinuity caused by said 
Wirebond and said electrical discontinuity caused by 
said via. 

12. The electrical connection assembly as described in 
claim 11 Wherein said ?rst region of electrical connection 
pads comprises at least one via capture pad. 

13. The electrical connection assembly as described in 
claim 12 Wherein said via capture pad is substantially 
teardrop shaped. 
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14. The electrical connection assembly as described in 
claim 11 further comprising a second region of electrical 
connection pads comprising a ball grid array or pin grid 
array. 

15. The electrical connection assembly as described in 
claim 11 Wherein said ?rst region of electrical connection 
pads are con?gured for coupling an optical module thereto. 

16. The electrical connection assembly as described in 
claim 14 Wherein said ?rst region of electrical connection 
pads has an areal density less than said second region of 
electrical connection pads. 

17. The electrical connection assembly as described in 
claim 16 Wherein said ?rst region of electrical connection 
pads are a linear array of pads. 

18. A circuit assembly having vias disposed proximate a 
plurality of bond pads to minimiZe electrical discontinuity in 
said circuit assembly, said circuit assembly comprising: 

a ?exible circuit comprising a ?rst surface and a second 
opposing surface separated by a ground plane, said ?rst 
surface having a ?rst conductive layer coupled thereto 
and said second surface having a second conductive 
layer coupled thereto; 

said plurality of bond pads coupled to said ?rst conductive 
layer and con?gured to receive a Wirebond electrical 
connection; 

electrical connection pads coupled to said second con 
ductive layer con?gured to electrically couple an exter 
nal electrical assembly to said second conductive layer; 
and 

vias proximate said plurality of bond pads, said vias 
enabling electrical coupling of said ?rst conductive 
layer and said second conductive layer, said vias dis 
posed to minimiZe discontinuity in said circuit assem 
bly. 

19. The circuit assembly as described in claim 18 Wherein 
said plurality of bond pads are via capture pads. 

20. The circuit assembly as described in claim 18 Wherein 
said plurality of bond pads are con?gured for coupling an 
optoelectronic device thereto. 

21. The circuit assembly as described in claim 18 Wherein 
at least one of said vias shares one of said plurality of bond 
pads. 

22. The circuit assembly as described in claim 21 Wherein 
at least one of said plurality of bond pads is substantially tear 
dropped shaped. 

23. The circuit assembly as described in claim 18 Wherein 
said plurality of bond pads are disposed With an areal density 
less than said connection pads. 


